In this correspondence, a novel adaptive algorithm for weak signal acquisition is proposed against the issue of weak signal acquisition under the near-far effect environment. The coarse acquisition of the pseudo-code phase and the carrier frequency are completed first under larger adaptive acquisition step and threshold. On the basis of the results of acquisition, the pseudo-code phase and carrier frequency are refined for the second precise acquisition, which can improve the accuracy of acquisition and Signal to Noise Ratio (SNR) of weak signal. Theoretical analysis and simulation results show that the proposed algorithm is able to weaken the influence of strong signal cross-correlation, increase the detection probability and improve the output SNR of weak signal effectively, applying to both strong and weak signal environment.
INTRODUCTION
Global Positioning System (GPS) has been widely used in the military and civilian field in recent years. Meanwhile, many domestic and foreign scholars have done a lot of research to the acquisition of weak GNSS signal (Fan, 2013; Luo, 2013; Fallahi, 2012; Langer, 2012) , among them, the acquisition of weak signal under the influence of strong signal becomes a hotspot and a difficulty nowadays. Due to the attenuation of signal strength in transmission medium, the signal strength which is near the receiver is much higher than the distant signal. Because of the characteristics of pseudo-code, the SNR of weak signal will be reduced by the interference of strong signal, and the false alarm probability of weak signal will be raised when strong and weak signal exist together, which is called near-far effect (Tsui, 2004; . Article (Psiaki, 2001) achieves the acquisition of weak signal in low SNR, using the block processing algorithm and 4s data processing. Then it analysis the interference characteristics to weak signal under the coexistence of strong and weak signal. The disadvantage is that the algorithm is too complex so that it consumes much resource. Article (Van,2002; Jardak, 2009 ) put forward an auxiliary GPS algorithm in weak signal acquisition, however, it needs provide auxiliary information from the outside, that is, the receiver may not work when the auxiliary network is unavailable. Article (Madhani,2003) put forward a sub-space projection algorithm to solve the near-far effect for mobile communication problems, while this method has certain limitation in GPS application. On the basis of the above, Article (Liang,2010) verified the feasibility in GPS application, but its research objective was only limited to high earth orbital satellites, so that it cannot be widely used.
Based on the above issues, an adaptive algorithm for weak signal acquisition in near-far effect is proposed. According to the difference of signal strength, coarse acquisition of the pseudo-code phase and the carrier frequency are completed first under larger adaptive acquisition step and threshold. On the basis of the results of coarse acquisition, the carrier frequency step and pseudo-code phase step are refined for the second precise acquisition. The threshold will be raised according to the Doppler frequency search steps of precise acquisition. Thus, the proposed adaptive algorithm is able to improve the accuracy of the pseudo-code phase and the carrier frequency, remove the influence of strong signal cross-correlation, and realize the acquisition of weak GNSS signal.
INFLUENCE OF NEAR-FAR EFFECT
For the GPS receiver, the near-far effect is not always generated by the different distance between signal sources to the receive (Lu, 2012) . In the process of acquisition, the receiver needs make coherent integration between the local signal and the received signal, then detects correlation peak. Since different C/A codes are not complete intersection, cross-correlation function only has the following three possibilities (Xie, 2011):
, for the C/A code whose series is 10, we can come to the value on () n  is 65, from equation (1) the cross-correlation value is equivalent to {-60dB，-24dB，-24dB}. It can be seen that the self-correlation peak is higher than cross-correlation peak on 24dB when the received of GPS signal energy are the same. However, the weak signal acquisition is more difficult if there is other signal present whose power is much stronger than that of the signal. The interfering signal has a non-zero cross-correlation with the weak signal, this cross-correlation can cause a false alarm if the strong signal has about 15dB more power than the weak signal. In order to explore the influence of weak signal SNR in the coexistence of strong and weak signal, the received IF signal can be written as: 
According to the Article (Tsui,2004) :
Among them, C represents the cross-correlation between strong signal and weak signal which is related to sampling rate of digital IF signal. 
Equation (5) is the function of weak signal input SNR which is related to strong signal output SNR. Obviously, it reflects the influence of weak signal SNR by the strong signal in condition of coherent and non-coherent integration. That is, it will reduce the SNR of weak signal after non-coherent integration.
PROPOSED ALGORITHM
With regarding to the issue of the weak signal acquisition under the interference of strong signal, an adaptive algorithm for weak signal acquisition under near-far effect is proposed. The block diagram of the proposed adaptive algorithm is depicted in Figure. 1.
Using adaptive acquisition steps, the proposed algorithm makes coarse acquisition operation at first. On the basis of the results of coarse acquisition, the carrier frequency steps and pseudo-code phase steps are refined for the second precise acquisition. The threshold will be raised according to the Doppler frequency search steps of precise acquisition. The block diagram of adaptive acquisition threshold is depicted in Figure. 2.
The specific algorithm process is as follows:
Step 1: For the received signal, according to the different SNR, this strategy sets different carrier frequency search steps and threshold 1 V for coarse acquisition steps and threshold 1 V for coarse acquisition correspondingly. Next, common parallel code phase acquisition algorithm is used to make non-coherent integration and calculate the mean square error of noise at the same time. Then the strategy will compare the maximum value by non-coherent integration with threshold 1 V , if this value is greater than 1 V , the pseudo-code phase and the carrier frequency of this maximum will be recorded. Otherwise, the search step of carrier frequency will be adjusted, and repeat Step 1. Step 2: At the end of coarse acquisition, this acquisition strategy sets r f  which used to be a step value of coarse acquisition as the length of the frequency search range for precise acquisition, sets d f which used to be the Doppler shift by coarse acquisition as the center of frequency search range for precise acquisition, and sets s f  as a search step as well. That is, the starting position of Doppler frequency search is
Hz ( x   means round up to x). According to this strategy, the local carrier which is produced by carrier NCO conducts coherent integration with the received signals again, so that we can get the signal after the carrier stripping.
Step 3: After the carrier stripping secondly, this acquisition strategy sets b  which used to be a pseudo-code phase by coarse acquisition as the center of search range for precise acquisition, sets r T as the length of the phase search range, and sets s  as a search step of precise acquisition. The pseudo-code which is produced by code NCO conducts coherent integration with the received signal, and the signal that after coherent integration also requires M times non-coherent integration so that we can get the integration result under the Doppler shift and pseudo-code phase at the moment.
Step 4: This acquisition strategy produces different pseudo-code phase by the search step s  under the same Doppler shift. In the same way, these code require both few coherent integration times and M times non-coherent integration operation, we will get the integration results of each pseudo-code phase finally.
Step 5: Next, the strategy will repeat Step 4 in different Doppler shift, until it searches out all of the data from both Doppler shift range and pseudo-code phase range.
Step 6: The strategy will find out the Doppler shift db f and pseudo-code phase Pa  of the maximum integration result, and then output this maximum value at the same time.
Step 7: At last, the strategy will compare the maximum value by non-coherent integration with threshold 2 V to determine whether to capture the signal or not. If this value is greater than 2 V , we can think that the capture is successful, then get the right Doppler shift and pseudo-code phase. However, if the value is less than 2 V , we should return to Step 1 to restart the search.
The following we should analyze the adaptive step strategy of this algorithm. There are two carrier frequency search steps in this strategy, one is frequency step values of coarse acquisition, the other frequency step values are used for precise acquisition. We can suppose that the coarse acquisition uses the same frequency step value in all kind of SNR conditions, because of the same sampling rate, it may lead to the fixed accuracy of the pseudo-code phase. In this case, the time of acquisition will increase because of the small frequency step in the high SNR environment. And when in low SNR, it may lead to loss of information, even fail to capture satellites in the low SNR environment. Therefore, the proposed acquisition algorithm uses frequency step values which are adjusted by different SNR adaptively, so that it can ensure both optimal performance and the best time of acquisition.
It is important that the proposed algorithm catches the minimum step value of 300Hz in coarse acquisition, but the maximum step value should depend on the pseudo-code cycle. At the beginning, this plan initializes the frequency step value of coarse acquisition is 600Hz, the step value will increase *100 N Hz if the result is N times larger than the threshold 1 V . Otherwise, the frequency step value should reduce 50Hz each time. In order to analyze conveniently, when the values of SNR are -35~-28dB, this strategy designs r f  as 300Hz, and threshold of coarse acquisition is 2.5852dB normally. Similarly, when the values of SNR are -27~-20dB, the strategy designs r f  as 400Hz, and threshold of coarse acquisition is 2.1746dB. When the values of SNR are -19~-12dB, the strategy designs r f  as 500Hz, and threshold of coarse acquisition is 1.7235dB as well. What is more, we design initial code NCO step as 0.01chip, Doppler shift step as 50Hz and adaptive threshold as 3.7169dB in adaptive precise acquisition strategy.
ALGORITHM ANALYSIS

SNR Analysis
For the common parallel code phase acquisition algorithm (hereinafter referred to as the classical algorithm), the signal power by M times non-coherent integration may be expressed as 
With the further derivation, e nc SNR means the SNR after non-coherent integration for M times, so it can be written as: . Afterwards, we can easily come to the conclusion that the detection SNR which is obtained by this proposed acquisition algorithm will be much higher than the one by the classical algorithm.
Detection Probability Analysis
For a single text of coherent integration for one time in classical algorithm, we assume the probability of false alarm is fa P , the threshold t V which is normalized by noise power can be written as:
There are two thresholds in our proposed acquisition algorithm, one is 1 V of coarse acquisition, the other is 2 V of precise acquisition. We assume 1  as the threshold factor of coarse acquisition and 2  as the threshold factor of precise acquisition, among them, 1 01   , 2 1   , so that the probability of false alarm in both coarse acquisition and adaptive precise acquisition are defined as follows: 
As the strategy adopts coarse acquisition firstly and then executes the adaptive precise acquisition, and  , the probability of false alarm based on our proposed adaptive algorithm is always less than what based on commonly used algorithm when its threshold is fixed.
For a single text of coherent integration for one time in commonly used algorithm, the detection probability is (Elliott,2010) : 
Where 0 I is the zero-order modified Bessel function. Next we adopt the Marcum Q function, so:
According to equation (15), (16) and (17), we can draw the conclusion:
Therefore the detection probability is derived as: 
Since the distinguish ability of code phase is decided by sampling rate in coarse acquisition, from equation (20), the threshold factor 1  is changed by r f  , the relation of detection probability and the input SNR is depicted in Figure. Figure. 3 shows that the detection probability of the proposed adaptive algorithm is much bigger than the detection probability of classical algorithm under the noise in the low SNR environment.
Resource Analysis
The research for any acquisition algorithm should be achieved in hardware. Since the classical algorithm captures signals by FFT structure, its accuracy of the code phase need be decided by both sampling rate and the point number of FFT. In order to achieve high accuracy, the classical algorithm needs high-speed AD device, however, it may cause the increase of FFT point number, the consumption of resources, the complexity of the signal processing and the time of signal acquisition. On the contrary, the proposed algorithm in this paper uses 32 bit code NCO to produce the local pseudo-code signal, so its accuracy of code phase is higher. Besides, adopting this algorithm just need add one 32 bit code NCO in hardware, it will reduce the resources and the complexity of acquisition. Under the condition of the same resources, the proposed algorithm can get not only higher accuracy of acquisition but also less acquisition time than the classical algorithm.
SIMULATION ANALYSIS
In the case of a certain reference, the sampling frequency is 5.714MHz, the digital IF is 1.5MHz, the code rate is 1.023MHz and the code piece length is 1023chip. Next，the time of coherent integration is 2ms and the times of non-coherent integration are 10. Finally, all of the following results are calculated based on 1000 Monte Carlo experiments. The specific simulation data are shown in the following TABLE I. First of all, in the case of the simulation that only contains data A, Figure 4 shows the non-correlated peak for satellite No. 3，using the proposed algorithm. So we can find that the acquisition for weak signal is successful when using the proposed algorithm. Secondly, in the case of the simulation which contains both data B and data C, we use the classical algorithm and the proposed algorithm to carry out the simulation respectively. Figure 5 shows the result of acquisition under the near-far effect. There is no doubt that the cross-correlation peak is higher than self-correlation peak. On the contrary, Figure 6 shows the result of weak signal acquisition without the effect of cross-correlation when using the proposed algorithm. The contrast shows that the acquisition using the proposed algorithm can suppress the strong signal interference for weak signal effectively, and then make the weak signal be correctly captured. 
CONCLUSION
With regarding to the issue of weak signal acquisition under the near-far effect environment, an adaptive algorithm for weak signal acquisition under near-far effect is proposed, and then this paper compares the proposed adaptive algorithm to the classical algorithm in terms of performance. Theoretical analysis and simulation shows that the proposed algorithm is able to weaken the influence of strong signal cross-correlation, increase the detection probability and improve the output SNR of weak signal effectively, applying to both strong and weak signal environment.
